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/DUJH�$UHD�&RRUGLQDWH�'HWHFWRU�IRU
+RUL]RQWDO�&RVPLF�5D\�)OX[�,QYHVWLJDWLRQV��6WDWXV�5HSRUW�
$�$�3HWUXNKLQ���9�0�$\QXWGLQRY���7�7�%DUQDYHOL���$�&DVWHOOLQD���'�9�&KHUQRY���$�$�(]XEFKHQNR��
:�)XOJLRQH���9�9�.LQGLQ���5�3�.RNRXOLQ���.�*�.RPSDQLHWV���$�$�.RQRYDORY���*�0DQQRFFKL��
<X�1�5RGLQ���2�6DDYHGUD���9�9�6KXWHQNR���6�9�7HU�$QWRQLDQ���*�7ULQFKHUR���6�9HUQHWWR��

1�1�9RQVRYVN\���(�(�<DQVRQ���,�,�<DVKLQ���(�=DV�
��0RVFRZ�(QJLQHHULQJ�3K\VLFV�,QVWLWXWH��0RVFRZ���������5XVVLD

��,VWLWXWR�GL�&RVPRJHRILVLFD�GHO�&15��7RULQR��������,WDO\�H
'LSDUWLPHQWR�GL�)LVLFD�*HQHUDOH�GHOO�8QLYHUVLWD�GL�7RULQR

��6FLHQWLILF�DQG�(QJLQHHULQJ�&HQWUH�³61,,3´��0RVFRZ���������5XVVLD
��8QLYHUVLGDGH�GH�6DQWLDJR�GH�&RPSRVWHOD��6DQWLDJR�GH�&RPSRVWHOD��������6SDLQ

��<HUHYDQ�3K\VLFV�,QVWLWXWH��<HUHYDQ���������$UPHQLD
��,QVWLWXWH�RI�3K\VLFV�RI�$FDGHP\�RI�6FLHQFH��7ELOLVL���������*HRUJLD

$EVWUDFW

&RQVWUXFWLRQ�RI�FRRUGLQDWH�GHWHFWRU�'(&25�ZLWK�ZRUNLQJ�DUHD����P��IRU�LQYHVWLJDWLRQV�RI�KRUL]RQWDO�FRVPLF
UD\�IOX[�KDV�EHHQ�FRPSOHWHG��7KH�GHWHFWRU�UHSUHVHQWV�D�PXOWL�OD\HU�V\VWHP�RI�OLPLWHG�VWUHDPHU�WXEH�FKDPEHUV
DQG� LV� ORFDWHG� LQ� WKH� JDOOHULHV� DURXQG� WKH�&KHUHQNRY�ZDWHU� FDORULPHWHU�1(92'��'HWHFWRU� GHVFULSWLRQ� DQG
VRPH�SUHOLPLQDU\�UHVXOWV�RI�WKH�VWXGLHV�ZLWK�LWV�SLORW�DVVHPEO\�DUH�SUHVHQWHG�

� ,QWURGXFWLRQ�
$W�WKH�ODVW�FRVPLF�UD\�FRQIHUHQFHV��WKH�SURMHFW�RI�WKH�ODUJH�DUHD�FRRUGLQDWH�GHWHFWRU�LQWHQGHG�IRU�KRUL]RQWDO

FRVPLF�UD\�IOX[�LQYHVWLJDWLRQV��$JOLHWWD�HW�DO���������DQG�WKH�UHVXOWV�RI�WKH�VWXG\�RI� WKH�SHUIRUPDQFH�RI� WKH
ILUVW�GHWHFWRU�VXSHUPRGXOHV��$JOLHWWD�HW�DO���������ZHUH�UHSRUWHG��&RRUGLQDWH�GHWHFWRU��'(&25��LV�ORFDWHG�LQ
WKH�JDOOHULHV�RI�WKH�EXLOGLQJ�RI�&KHUHQNRY�ZDWHU�GHWHFWRU�1(92'��$\QXWGLQRY�HW�DO���������DURXQG�WKH�ZDWHU
WDQN�� &RPELQDWLRQ� RI� D� KLJK� UHVROXWLRQ� FRRUGLQDWH� GHWHFWRU� ��� FP� DQG� ��� PHDVXUHPHQW� DFFXUDF\�� ZLWK� D
PDVVLYH�&KHUHQNRY�FDORULPHWHU�������WRQ�RI�ZDWHU��ZLOO�DOORZ�WR�VWXG\�D�ZLGH�UDQJH�RI�FRVPLF�UD\�SK\VLFV
SUREOHPV�UHODWHG�ZLWK�DQJXODU�DQG�HQHUJ\�GLVWULEXWLRQV�RI�KLJK�HQHUJ\�FRVPLF�UD\�PXRQV��DQJXODU�DQG�VSDWLDO
FKDUDFWHULVWLFV�RI�PXRQ�JURXSV�DW�ODUJH�]HQLWK�DQJOHV��REVHUYDWLRQ�RI�KRUL]RQWDO�DLU�VKRZHUV�SURGXFHG�E\�WKH
SHQHWUDWLQJ�FRPSRQHQW�RI�KRUL]RQWDO�FRVPLF�UD\�IOX[�GHHS�LQ�WKH�DWPRVSKHUH�

7R�WKH�PRPHQW��WKH�DVVHPEOLQJ�RI�WKH�PDLQ�SDUW�RI�WKH�GHWHFWRU�KDV�EHHQ�FRPSOHWHG��,Q�WKH�SUHVHQW�SDSHU��D
EULHI�GHWHFWRU�GHVFULSWLRQ�DQG�VRPH�SUHOLPLQDU\�UHVXOWV�REWDLQHG�ZLWK�D�SLORW�ZRUNLQJ�DVVHPEO\�RI�'(&25
DUH�SUHVHQWHG�

� 'HWHFWRU�GHVFULSWLRQ�
$�JHQHUDO�OD\�RXW�RI�WKH�FRRUGLQDWH�GHWHFWRU�DQG�&KHUHQNRY�ZDWHU�FDORULPHWHU�LV�VKRZQ�LQ�)LJ����7KH�EDVLF

VHQVLWLYH� HOHPHQWV� RI� '(&25� DUH� SODVWLF� VWUHDPHU� WXEH� FKDPEHUV� ZLWK� UHVLVWLYH� FDWKRGH� FRDWLQJ� DQG� EL�
GLPHQVLRQDO� H[WHUQDO� VWULS� UHDGRXW�� XVHG� HDUOLHU� LQ� WKH�186(;� H[SHULPHQW� �%DWWLVWRQL� HW� DO��� ������� (DFK
FKDPEHU�FRQWDLQV���� WXEHV�ZLWK��í��PP�� LQQHU�FURVV� VHFWLRQ�DQG�����P� OHQJWK��&KDPEHUV�DUH�RSHUDWHG� DW
�����N9�RQ�WKH�ZLUH�ZLWK�D�FRQWLQXRXV�IORZ�RI�WKUHH�FRPSRQHQW�JDV�PL[WXUH��DUJRQ�DQG�FDUERQ�GLR[LGH�LQ����
UDWLR�SOXV�VDWXUDWHG�Q�SHQWDQH�YDSRXU�DW����&���6L[WHHQ�FKDPEHUV�DUUDQJHG�YHUWLFDOO\�WRJHWKHU�ZLWK�SODWHV�IRU
FRRUGLQDWH� UHDGRXW� ����;������<� VWULSV�ZLWK� ���� FP� DQG� ���� FP� SLWFK�� UHVSHFWLYHO\�� IRUP� VWUHDPHU� WXEH
PRGXOH��670���0RGXOHV�KDYH�����P��HIIHFWLYH�DUHD������LQ�YHUWLFDO�DQG�����P�LQ�KRUL]RQWDO�GLUHFWLRQ���670
DUH�KDQJHG�RQ�WKH�VXSSRUWLQJ�FRQVWUXFWLRQV�DQG�FDQ�EH�PRYHG�DORQJ�WKH�JDOOHULHV��WKXV�DOORZLQJ�WR�FKDQJH�WKH



QXPEHU� RI� FKDPEHU� SODQHV� DQG� WKHLU
SRVLWLRQV�� 7KH� SUHVHQW� '(&25
FRQILJXUDWLRQ� LQFOXGHV� �� JURXSV� RI� ��670
HDFK�DUUDQJHG�IURP�WKUHH�VLGHV�RI�WKH�ZDWHU
WDQN� �VHH� WKH� )LJXUH��� 'LVWDQFH� EHWZHHQ
DGMDFHQW� SODQHV� HTXDOV� WR� �� FP�� ,Q� DOO�� WKH
GHWHFWRU�FRQWDLQV������FKDPEHUV�DQG������
UHJLVWUDWLRQ�FKDQQHOV�

7KH� EDVLF� XQLW� RI� WKH� GDWD� UHDGRXW
V\VWHP� LV� ���FKDQQHO� HOHFWURQLFV� FDUG
/H&UR\� 6726� 0����� XVHG� HDUOLHU� LQ� WKH
186(;� GHWHFWRU�� 7KH� FDUG� SURYLGHV
GLVFULPLQDWLRQ�� VKDSLQJ�� WHPSRUDU\� VWRUDJH
LQ� VKLIW� UHJLVWHUV�� DQG� VXEVHTXHQW� VHULDO
RXWSXW�RI� VLJQDOV� IURP����VWULSV��+RZHYHU�
WKH� ODUJH� VL]HV� RI� WKH� GHWHFWRU� DQG� D� KLJK
FRXQWLQJ� UDWH� �LQ�FRPSDULVRQ�ZLWK�186(;
H[SHULPHQW�� UHTXLUHG� WKH� HODERUDWLRQ� RI
QHZ�� GLVWULEXWHG� DQG� VXIILFLHQWO\� IDVW� GDWD

DFTXLVLWLRQ�V\VWHP��)RU�WKLV�SXUSRVH��D�VSHFLDOL]HG���LQSXW�FRQWUROOHU�RSHUDWHG�RQ�,6$�EXV�RI� ,%0�3&�ZDV
GHVLJQHG�� 7KH� FRQWUROOHU� FRPELQHV� IXQFWLRQV� RI� GDWD� UHDGRXW� IURP� IRXU� 670�� ILUVW�OHYHO� WULJJHU� IRUPDWLRQ
�WZR�� RU� WKUHH�IROG� FRLQFLGHQFHV� EHWZHHQ� LQGLYLGXDO� PRGXOH� VLJQDOV��� DQG� 670� FRXQWLQJ� UDWH� PRQLWRULQJ�
(YHU\�SHULSKHUDO�FRPSXWHU�KRXVHV���FRQWUROOHUV��LQ�DOO��WKH�'$4�V\VWHP�LQFOXGHV���SHULSKHUDO�DQG���FHQWUDO

FRPSXWHU� �,%0� 3&�W\SH�� FRQQHFWHG� YLD� (WKHUQHW
OLQN�� 7KH� WRWDO� GDWD� UHDGRXW� WLPH� IRU� WKH� HYHQWV
VHOHFWHG�E\�WKH�WULJJHU�V\VWHP�GRHV�QRW�H[FHHG���PV�
'LIIHUHQW�PRGHV�RI�D�KLJKHU� OHYHO� WULJJHU� �EDVHG� RQ
WKH�FRLQFLGHQFHV�EHWZHHQ�WKH�JURXSV�RI�670�DQG�RU
GLIIHUHQW�1(92'�WULJJHUV��DUH�IRUHVHHQ�

� 7HVWV�RI�SHUIRUPDQFH�
'XULQJ� -DQXDU\� �� 0D\� ������ VHYHUDO

H[SHULPHQWDO�UXQV�ZLWK�D�SLORW�ZRUNLQJ�DVVHPEO\�RI
WKH� GHWHFWRU� ��� SODQHV�� JURXS� �� LQ� )LJXUH� ��� ZHUH
FRQGXFWHG�� 0HDVXUHPHQWV� ZHUH� SHUIRUPHG� ERWK� LQ
DXWRQRPLF� UHJLPH� RI� FRRUGLQDWH� GHWHFWRU� RSHUDWLRQ
DQG� LQ� FRLQFLGHQFH�ZLWK� &KHUHQNRY�ZDWHU� GHWHFWRU�
1(92'� FRQILJXUDWLRQ� LQFOXGHG� ��� TXDVLVSKHULFDO
RSWLFDO� PRGXOHV� DUUDQJHG� LQ� WKH� NQRWV� RI� D� VSDWLDO
ODWWLFH�ZLWK�WKH�VL]H��í�í����P���([DPSOHV�RI�HYHQWV
GHWHFWHG�LQ�WKH�DVVHPEO\�DUH�VKRZQ�LQ�)LJXUH���

,Q�DOO�� DERXW����í���� HYHQWV� LQ� DXWRQRPLF�PRGH
DQG� ���í���� HYHQWV� ZLWK� D� FRPELQHG� WULJJHU� RI
1(92'� DQG�'(&25� ����� KU� QHW� RSHUDWLRQ� WLPH�
ZHUH� UHJLVWHUHG�� 2YHU� ���� RI� WKH� HYHQWV
FRUUHVSRQGHG�WR�VLQJOH�PXRQV�FURVVLQJ�DOO���PRGXOHV
RI�WKH�ZRUNLQJ�DVVHPEO\��7KHVH�HYHQWV�ZHUH�XVHG�WR
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1(92'
ZDWHU�WDQN

'(&25
PRGXOHV

)LJXUH� ���*HQHUDO� OD\�RXW� RI� 1(92'� �� '(&25� FRPSOH[�
&URVVHV�LQGLFDWH�1(92'�RSWLFDO�VHQVRUV�

��6LGH�YLHZ������7RS�YLHZ ��6LGH�YLHZ������7RS�YLHZ

)LJXUH� ��� ([DPSOHV� RI� HYHQWV� GHWHFWHG� LQ� WKH� SLORW
'(&25� DVVHPEO\�� /HIW�� QHDU� KRUL]RQWDO� SDLU
�q� �������ULJKW��JURXS�RI�($6�PXRQV�



HYDOXDWH�EDVLF�VHWXS�FKDUDFWHULVWLFV�VXFK�DV�GHWHFWLRQ�HIILFLHQF\�DQG�WUDFN�UHFRQVWUXFWLRQ�DFFXUDF\��$YHUDJH
�LQ� DQJOHV�� VLQJOH� SDUWLFOH� GHWHFWLRQ� HIILFLHQF\� RI� DQ� LQGLYLGXDO� PRGXOH� DSSHDUHG� HTXDO� WR� DERXW� ����
GHFUHDVLQJ�GRZQ�WR�����IRU�RUWKRJRQDO�WUDFN�LQFLGHQFH�EHFDXVH�RI�FRQVWUXFWLYH�IHDWXUHV�RI�WKH�FKDPEHUV�DQG
WKH�PRGXOHV��+RZHYHU�� HYHQ� LQ� WKLV�ZRUVW�FDVH�� WKH�HIILFLHQF\�RI� WKH�GHWHFWLRQ�RI�SDUWLFOHV�E\�D�PXOWL�OD\HU
V\VWHP�RI�PRGXOHV�UHPDLQV�VXIILFLHQWO\�KLJK�

,Q�RUGHU�WR�HVWLPDWH�WKH�PHDVXUHPHQW�DFFXUDF\��HDFK�RI�WKH�WUDFNV�ZDV�UHFRQVWUXFWHG�IURP�WKH�GDWD�RI�WZR
HQFORVHG�VXE�JURXSV�RI�IRXU�SODQHV�VHSDUDWHO\��DQG�WKH�GLVWULEXWLRQ�RI� WKH�GLIIHUHQFH�EHWZHHQ� WKHVH� WZR� ILWV
ZDV�DQDO\]HG��,W�ZDV�IRXQG�WKDW�WKH�DQJXODU�DFFXUDF\�FRUUHVSRQGHG�WR�DERXW������IRU���SODQH�FRQILJXUDWLRQ�
RU�DERXW������IRU�HLJKW�PRGXOH�VWUXFWXUH�RI�WKH�GHWHFWRU�

$V� D� ZKROH�� PHWKRGLFDO� PHDVXUHPHQWV� FRQGXFWHG� ZLWK� D� SLORW� DVVHPEO\� RI� '(&25� DOORZHG� WR� FKHFN
RSHUDWLRQ�RI�FKDPEHUV�DQG�HOHFWURQLFV� V\VWHPV��DQG�VKRZHG� WKDW�EDVLF�GHWHFWRU�SDUDPHWHUV�DUH�FORVH� WR� WKH
H[SHFWHG�RQHV�

� 0XRQ�EXQGOH�VHOHFWLRQ�
6WXG\� RI� PXRQ� EXQGOH� FKDUDFWHULVWLFV� DW� ODUJH� ]HQLWK� DQJOHV� LV� RQH� RI� WKH� WRS� SULRULW\� WDVNV� RI� WKH

FRRUGLQDWH� GHWHFWRU� �ERWK� LQ� DXWRQRPLF� PRGH� RI� RSHUDWLRQ� DQG� LQ� FRPELQDWLRQ� ZLWK� 1(92'��� 7KHVH
LQYHVWLJDWLRQV� DUH� RI� VSHFLDO� LQWHUHVW
VLQFH� WKH� PDLQ� WULYLDO� PHFKDQLVP� RI
PXRQ� EXQGOH� JHQHUDWLRQ� �LQ� ($6�� LV
JUHDWO\� VXSSUHVVHG� QHDU� KRUL]RQWDO
GLUHFWLRQ�� DQG� OHVV� ZHOO�VWXGLHG� VRXUFHV
RI�PXRQ�EXQGOHV�PD\�EHFRPH�LPSRUWDQW�

6HOHFWLRQ� RI� PXRQ� EXQGOHV� LQ� WKH
FRRUGLQDWH� GHWHFWRU� LV� EDVHG� RQ� WKH� IDFW
WKDW� WUDFNV� RI� PXRQV� SURGXFHG� LQ� WKH
DWPRVSKHUH� DQG� KLWWLQJ� WKH� VHWXS� DUH
QHDUO\� SDUDOOHO��7R� FKHFN� WKH� SRVVLELOLW\
RI� SDUDOOHO� SDUWLFOH� LGHQWLILFDWLRQ� ZLWK� D
UHDO�'(&25�VWUXFWXUH�� WZR�WUDFN�HYHQWV
KDYH� EHHQ� VHOHFWHG� �$\QXWGLQRY� HW� DO��
������� )RU� HYHU\� HYHQW�� WZR� SDUDPHWHUV
ZHUH�FDOFXODWHG�� WKH�GLVWDQFH�'� EHWZHHQ
WKH� WUDFNV� LQ� WKH� VHWXS� PLGGOH�� DQG
UHFRQVWUXFWHG� VSDWLDO� DQJOH� y� EHWZHHQ

WKH�WUDFNV��7ZR�GLPHQVLRQDO�GLVWULEXWLRQ�LQ�WKHVH�SDUDPHWHUV�IRU�D�VDPSOH�RI�RQH�WKRXVDQG�HYHQWV�LV�SUHVHQWHG
LQ�)LJXUH����7ZR�FODVVHV�RI� HYHQWV�DUH�FOHDUO\� VHHQ��2QH�RI� WKHP� LV�FKDUDFWHUL]HG�E\�VPDOO�DQJOHV�EHWZHHQ
WUDFNV��GLVWULEXWLRQ�LQ�WKH�GLVWDQFH�EHLQJ�IODW�DQG�GHWHUPLQHG�PDLQO\�E\�WKH�VHWXS�VL]HV��7KH�VHFRQG�FODVV� LV
IHDWXUHG�E\�VPDOO�WUDFN�VHSDUDWLRQ�ZKLFK�LV�LQFUHDVLQJ�RQ�WKH�DYHUDJH�ZLWK�WKH�DQJOH��7KHVH�HYHQWV�DUH�FDXVHG
E\�PXRQ� LQWHUDFWLRQV� LQ� WKH�JDOOHU\�ZDOOV��DQG� IRUP� WKH�PRVW� LPSRUWDQW�EDFNJURXQG� LQ� WKH� VHDUFK�RI�PXRQ
EXQGOHV� RI� DWPRVSKHULF� RULJLQ��+RZHYHU�� WKLV� EDFNJURXQG�PD\� EH� HIIHFWLYHO\� VXSSUHVVHG� E\� WKH� FRQGLWLRQ
'�!�����P�� WKH� ODWWHU� UHVWULFWLRQ� OHDGV� WR�D� ORVV�RI�RQO\�D� VPDOO� IUDFWLRQ�RI�HYHQWV� UHDOO\�SURGXFHG� DW� ODUJH
GLVWDQFHV�IURP�WKH�GHWHFWRU�

5HVXOWV� RI� SLORW� DVVHPEO\� RSHUDWLRQ� KDYH� EHHQ� XVHG� WR� REWDLQ� SUHOLPLQDU\� HVWLPDWHV� RI� WKH� UDWLR� RI� WKH
LQWHQVLW\� RI� GRXEOH�PXRQV� WR� VLQJOH�PXRQ� HYHQWV� �)LJXUH� ���� $V� GRXEOH�PXRQ� FDQGLGDWHV�� WKH� HYHQWV�ZLWK
y������DQG�'�!�����P�DUULYLQJ�IURP�WKH�VLGH�RI�WKH�ZDWHU�WDQN��PXRQ�HQHUJ\�WKUHVKROG�DERXW���*H9��KDYH
EHHQ�VHOHFWHG��,Q�FDOFXODWLRQV�RI�WKH�UDWLR�SORWWHG�LQ�WKH�)LJXUH��LW�ZDV�DVVXPHG�WKDW�WKH�UDWH�RI�GRXEOH�PXRQ
HYHQWV� LQ� D� VPDOO� VL]H� GHWHFWRU� LV� SURSRUWLRQDO� WR� LWV� VTXDUHG� DUHD�� WKHUHIRUH�� WKH� REVHUYHG� UDWLRV� RI� WKH
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6SDWLDO�DQJOH�EHWZHHQ�WUDFNV��GHJUHHV

)LJXUH����&RUUHODWLRQ�RI�WZR�WUDFN�HYHQW�SDUDPHWHUV�



QXPEHUV� RI� HYHQWV� KDYH� EHHQ� PXOWLSOLHG� E\� WKH� IDFWRU
�6��  � �� P

��� �� �6�q�!�� ZKHUH� GHQRPLQDWRU� LV� WKH� DYHUDJH
HIIHFWLYH�VHWXS�DUHD�LQ�D�FRUUHVSRQGLQJ�DQJXODU�ELQ��,W� LV�VHHQ
IURP�WKH�)LJXUH�WKDW�WKH�LQWHQVLW\�RI�PXRQ�SDLUV�GHFUHDVHV�ZLWK
WKH�DQJOH�DSSUHFLDEO\�IDVWHU�WKDQ�WKH�LQWHQVLW\�RI�VLQJOH�PXRQV�
0HDVXUHPHQWV�ZLWK� D� IXOO�VFDOH� GHWHFWRU�ZLOO� DOORZ� WR� REWDLQ
TXDQWLWDWLYH�GDWD�RQ�KRUL]RQWDO�PXRQ�EXQGOHV�

� &RQFOXVLRQ�
7KH� ILUVW� SDUW� RI� WKH� FRRUGLQDWH� GHWHFWRU�ZLWK� DUHD� ���P�

LQWHQGHG� IRU� KRUL]RQWDO� FRVPLF� UD\� IOX[� VWXGLHV� KDV� EHHQ
FRQVWUXFWHG��0HWKRGLFDO�PHDVXUHPHQWV�FRQGXFWHG�ZLWK�D�SLORW
ZRUNLQJ�DVVHPEO\�DOORZHG�WR�FKHFN� WKH�SHUIRUPDQFH�RI�EDVLF
GHWHFWRU� HOHPHQWV� DQG� V\VWHPV�� 6WDUW� RI� H[SHULPHQWV� RQ
PHDVXUHPHQWV� RI� PXRQ� EXQGOHV� DW� ODUJH� ]HQLWK� DQJOHV� LV
SODQQHG�IRU�WKH�HQG�RI�WKLV�\HDU��7HQ�IROG�LQFUHDVH�RI�WKH�DUHD
RI�WKH�GHWHFWRU�LQ�FRPSDULVRQ�ZLWK�D�SLORW�DVVHPEO\�ZLOO�DOORZ
WR�UHDFK�D�KLJK�HYHQW�VWDWLVWLFV�DQG�WR�JHW�TXDQWLWDWLYH�GDWD�RQ
DQJXODU�DQG�VSDWLDO�PXRQ�EXQGOH�FKDUDFWHULVWLFV��&RPSDULVRQ
RI� WKHVH� UHVXOWV� ZLWK� WKHRUHWLFDO� FDOFXODWLRQV� ZLOO� JLYH� D

SRVVLELOLW\�WR�VHSDUDWH�WKH�FRQWULEXWLRQ�RI�YDULRXV�SURFHVVHV�RI�PXRQ�EXQGOH�JHQHUDWLRQ�
,Q�WKH�DQDO\VLV�RI�WKLV�NLQG��FRQGXFWLRQ�RI�PHDVXUHPHQWV�LQ�D�IXOO�]HQLWK�DQJXODU�UDQJH��q� ����������ZLWK

WKH� VDPH� WHFKQLTXH� DQG�� SUHIHUDEO\�� ZLWK� D� VLQJOH� H[SHULPHQWDO� VHWXS� LV� LPSRUWDQW�� )RU� WKLV� SXUSRVH�� WKH
GHSOR\PHQW� RI� DQ� DGGLWLRQDO� SDUW� RI� WKH� GHWHFWRU� �DERXW� ��� P��� RQ� WKH� WRS� RI� WKH� 1(92'�ZDWHU� WDQN� LV
IRUHVHHQ��:RUNV�RQ�WKH�FRQVWUXFWLRQ�RI�WKH�WRS�FRRUGLQDWH�GHWHFWRU�DUH�QRZ�LQ�SURJUHVV�

$FNQRZOHGJPHQWV�
7KH�DXWKRUV�DUH�LQGHEWHG�WR�3URI�&�&DVWDJQROL�IRU�KLV�HQFRXUDJLQJ�VXSSRUW�DW�WKH�LQLWLDO�VWHS�RI�ZRUNV�DQG

FRQWLQXRXV� NLQG� DWWLWXGH� GXULQJ� GHWHFWRU� FRQVWUXFWLRQ�� 7KDQNV� DUH� GXH� WR� +�5LJRQL� DQG� '�)URPP� IRU
PDQXIDFWXUH� DQG� DGMXVWPHQW� RI� WKH� JDV� VXSSO\� V\VWHP�� 7KH� ZRUN� LV� VXSSRUWHG� E\� 5XVVLDQ� 0LQLVWU\� IRU
6FLHQFH�DQG�7HFKQRORJ\��E\�,17$6�5)%5�JUDQW����������DQG�5)%5�JUDQW�������������

5HIHUHQFHV

$JOLHWWD��0���$\QXWGLQRY��9�0���&DVWHOOLQD��$��HW�DO��������3URF����WK�,&5&��'XUEDQ���������
$JOLHWWD��0���&DVWDJQROL��&���&DVWHOOLQD��$��HW�DO��������3URF����WK�,&5&��5RPD���������
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